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DUO-BINARY OPTICAL TRANSMISSION APPARATUS 



CLAIM OF PRIORITY 

This application claims priority to an application entitled "Duo-binary optical 
5 transmission apparatus," filed in the Korean Industrial Property Office on September 30, 
2002 and assigned Serial No. 2002-59422, the contents of which are hereby incorporated 
by reference. 



BACKGROUND OF THE INVENTION 

10 

1 . Field of the Invention 

The present invention relates to a duo-binary optical transmission apparatus. 



2. Description of the Related Art 

15 In general, a dense wavelength division multiplexing (DWDM) optical 

transmission system can improve transmission efficiency by transmitting an optical signal 
using a plurality of wavelengths in an optical fiber. It is very useful in an ultrahigh-speed 
Internet network requiring high transmission capacity as DWDM can transmit optical 
signals regardless of its transmission speed. However, the enlargement of transmission 

20 capacity is restricted due to severe interference and distortion between channels if the 
channel distance is less than 50GHz when a light intensity is modulated using the 
conventional non-return-to-zero (NRZ) technique. These drawbacks are increasing due to a 
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rapid growth in data traffic and a demand for high-speed data transmission greater than 40 

Gbps in the current trend of the communication fields. 

Transmission distance is restricted in high-speed data transmission greater than 

lOGbps as a direct current (DC) frequency component of the conventional binary NRZ 
5 transmission signal and a high frequency component spread that occurs during the 

modulation process cause non-linearity and dispersion when the binary NRZ transmission 

signal propagates in an optical fiber medium. 

Recently, an optical duo-binary technology has been suggested as an alternative 

optical transmission to overcome the restriction of transmission distance caused by the 
10 chromatic dispersion. A main advantage of the duo-binary transmission is that the 

transmission spectrum is reduced in comparison to the general binary transmission. That is, 

in a dispersion restriction system, a transmission distance is in inverse proportion to the 

square of the transmission spectrum bandwidth. In other words, when the transmission 

spectrum is reduced by 1/2, the transmission distance increases four times. Furthermore, as 
15 a carrier frequency is suppressed in a duo-binary transmission spectrum, it is possible to 

relax the restriction of an optical power output caused by the B rillouin scattering that is 

excited in the optical fiber. 

FIG. 1 illustrates an example of a a conventional duo-binary optical transmission 

apparatus. As shown in FIG 1, the conventional duo-binary optical transmission 
20 apparatus includes a duo-binary precoder 10 for encoding a 2-level data signal, a low pass 

filter ( LPF) 2 0, a d riving amplifier 3 0, a M ach-Zehnder i nterference t ype 1 ight i ntensity 

modulator 40, and a laser light source 50 for outputting a carrier. In operation, a 2-level 
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data signal to be transmitted is applied to a differential precoder 10 to be encoded, then 
passes through the electrical LPF 20 to be converted to a 3-level electrical signal. The 3- 
level electrical signal is amplified by the driving amplifier 30, and the amplified signal is 
used as a driving signal of the Mach-Zehnder interference type light intensity modulator 40. 
5 As such, the phase of the carrier output from the laser light source 50 is changed by the 
driving signal of the Mach-Zehnder interference type light intensity modulator 40. Finally, 
the carrier's light intensity is modulated and outputted as an optical duo-binary signal. 

According to the conventional structure as described above, where a 2-level data 
signal passes through the electrical LPF to be converted to a 3-level electrical signal, any 

10 difference in the characteristics of output optical signals caused by lengths of a pseudo 
random bit sequence poses a critical problem in a system. In particular, a system margin is 
much less in a 2 31 -1 PRBS than in a 2 7 -l PRBS. In general, a slope when a signal is 
converted from level 0 into level 1 is different from a slope when a signal is converted from 
level 1 into level 0. However, in the case of a duo-binary optical transmitter using the 

1 5 electrical LPF, transitions from level 0 to level 1 and from level 1 to level 0 occur in a state 
where parts having different slopes overlap. Therefore, the jitter of an output waveform 
increases. 



20 
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SUMMARY OF THE INVENTION 

Accordingly, the present invention is to provide a duo-binary optical transmission 
apparatus that is not affected by the transmission characteristic of pseudo random bit 
5 sequences (PRBS). 

One aspect of the present invention is to provide a duo-binary optical transmission 
apparatus for transmitting a duo-binary optical signal that has a strong wavelength 
dispersion without using an electrical low-pass filter (LPF) or a phase modulator. 

In one embodiment of the present invention, there is provided a duo-binary optical 
10 transmission apparatus including a light source for outputting a light carrier and an optical 
modulator for inputting a 2-level data signal and outputting a modulated optical signal by 
modulating the light carrier according to the 2-level data signal 

In another embodiment of the present invention, the optical modulator comprises a 
code converter for converting the 2-level data signal into a duo-binary signal and outputting 
15 the d uo-binary s ignal, a d riving s ignal generator for r eceiving t he d uo-binary s ignal a nd 
generating a modulator driving signal, a Mach-Zehnder interference type light intensity 
modulator for receiving the modulator driving signal, converting a phase of the light carrier, 
and outputting a modulated optical signal by modulating a light intensity, and an optical 
band pass filter for receiving the modulated optical signal from the Mach-Zehnder 
20 interference type light intensity modulator, filtering the modulated optical signal to be 
suitable for a predetermined band, and outputting a duo-binary optical signal. 

In the embodiment, the Mach-Zehnder interference type light intensity modulator 
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is a Z-cut dual armed light intensity modulator. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

5 FIG 1 illustrates an example of a structure of a conventional duo-binary optical 

transmission apparatus; 

FIG. 2 is a block diagram illustrating a structure of a first embodiment of a duo- 
binary optical transmission apparatus according to the present invention; 

FIG 3 illustrates modulation processes in the duo-binary optical transmission 
10 apparatus according to the present invention; 

FIG 4A illustrates a modulation principle in the duo-binary optical transmission 
apparatus according to the present invention; 

FIG 4B illustrates an output waveform of a modulator; 

FIG 5 is a block diagram illustrating a structure of a second embodiment of the 
1 5 duo-binary optical transmission apparatuses according to the present invention; 

FIG 6 is an output eye diagram of a duo-binary signal modulated to lOGbps; 

FIG 7 is a power spectrum of the duo-binary signal modulated to lOGbps; and, 

FIG 8 is an eye diagram after standard single mode fiber (SSMF) 200km 
transmission performed by the duo-binary optical transmission apparatus according to the 
20 present invention. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

In accordance with the present invention, preferred embodiments of the present 
invention will be described with reference to the accompanying drawings, FIGs. 2 to 8. In 
5 the drawings, the same element, although depicted in different drawings, will be designated 
by the same reference numeral or character. For the purposes of clarity and simplicity, a 
detailed description of known functions and configurations incorporated herein will be 
omitted as it may make the subject matter of the present invention unclear. 

FIG 2 is a block diagram illustrating the structure of a first embodiment of a duo- 

10 binary optical transmission apparatus according to the present invention. In FIG 2, a duo- 
binary precoder 100, driving amplifiers 201 and 202, a Mach-Zehnder interference type 
light intensity modulator 300, and a laser light source 400 for outputting a carrier are 
provided. In the present embodiment, a structure of a duo-binary optical transmission 
apparatus including a Z-cut structured chipper free Mach-Zehnder light intensity modulator 

15 is i llustrated. In t his c ase, a p air o f d riving a mplifiers 2 0 1 a nd 2 02 for applying 3 -level 
signals on both sides of dual arms 301 and 302 of a modulator are included. 

According to the teachings of the present invention, a wide band pass filter 500 is 
included on the output end of the Mach-Zehnder interference type light intensity modulator 
300 in order to generate a duo-binary optical signal after modulating a phase as well as light 

20 intensity process using the Mach-Zehnder interference type light intensity modulator 300. 
Thus, since a 3 -level signal is not generated, the characteristics of a signal do not 
deteriorate according to the length of a pseudo random bit sequence (PRBS). 
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FIG 3 illustrates modulation processes in the duo-binary optical transmission 
apparatus according to the present invention. The horizontal axis and the vertical axis 
denote time and modulation, respectively. 

As shown in FIG 3, a 2xVtt applied voltage of a non-return-to-zero (NRZ) signal 

5 is applied and a bias point is positioned in the null point of a modulator. In this case, a 
modulated output waveform d is generated by a light intensity modulation curve b. A duo- 
binary optical output e having information identical with that of input data is obtained 
through the wide band pass filter 500. A bit of 0 or 1 is optically outputted at the same 
magnitude without a change in intensity. However, the bit of 0 or 1 is converted into phase 

10 information having a phase difference of 0 or n during modulation in an electrical field c. 
That is, the phase information becomes information of "tt" when the output level of a 
decoder is 0 and information of "0" when the output level of a decoder is 1. Therefore, a 
general interference type light intensity modulator can be used as a phase modulator. An 
optical signal whose phase is modulated through a light intensity modulator passes through 

15 a wide band pass filter having the bit ratio of 0.7/T. 

The above process performs the same function as that of a method using an 
electrical low pass filter (LPF) in the structure of the conventional duo-binary transmitter 
shown in FIG. 1. Therefore, an optical signal that passes through the wide band pass filter is 
converted into the duo-binary optical signal. In the present embodiment, a 2Vn voltage is 

20 applied and a duo-binary signal is generated using a wide band pass filter whose bandwidth 
is 0.7/bit ratio. The characteristics of an output duo-binary optical signal are controlled by 
controlling the applied voltage and the bandwidth of the wide band pass filter. 
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Phase information loaded on the modulated output waveform d of FIG. 3 will now 
be described with reference to FIGs. 4A and 4B. FIG 4A illustrates a modulation principle 
in the duo-binary optical transmission apparatus according to the present invention. FIG 4B 
illustrates an output waveform of a modulator. 
5 Referring to FIGs. 4A and 4B, modulated signals are 1 -leveled in the moment of 

determining the signals. Optical outputs of the modulated signals are transited to level 0 
and return to level 1 only when applied electrical signals are transmitted from level 1 to 
level 0 or from level 0 to level 1. The significance is that the optical signals have 1 -leveled 
optical outputs when signals are determined, which is compared with a phase modulator 

10 having constant 1 -level optical outputs. 

FIG 5 is a block diagram illustrating the structure of a second embodiment of the 
duo-binary optical transmission apparatus according to the present invention. As shown, 
an X-cut structured chipper free Mach-Zehnder interference type light intensity modulator 
300 is included. In the duo-binary optical transmission apparatus having the Z-cut 

1 5 structured chipper free Mach-Zehnder interference type light intensity modulator, a pair of 
driving amplifiers 201 and 202 are included so that 3-level signals can be applied by both 
dual arms 301 and 302 of the modulator. However, in the second embodiment, a single arm 
is included and a single driving amplifier 200 is included so as to apply a 3-level signal to a 
direction. 

20 FIGs. 6 to 8 illustrate results obtained from experiments testing the present 

invention. In particular, FIG 6 is an output eye diagram of a duo-binary optical signal 
modulated to lOGbps. FIG. 7 illustrates a power spectrum of the duo-binary optical signal 
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modulated to lOGbps. Note that the above eye diagram and power spectrum are those of a 
typical duo-binary signal. FIG. 8 is an eye diagram after standard single mode fiber (SSMF) 
200km transmission performed by the duo-binary optical transmission apparatus according 
to t he p resent i nvention, i llustrating s imilar c haracteristics t o t hose o f c onventional d uo- 

5 binary transmission. 

As described above, according to the duo-binary optical transmission apparatus, it 
is possible to prevent the deterioration of the signal quality caused by the length of a pseudo 
random bit sequence (PRBS) by omitting the electrical LPF. Also, the cost of the duo- 
binary optical transmission apparatus according to the present invention is lower than that 

10 of the conventional duo-binary optical transmission apparatus by 30 to 40% because of the 
phase modulationand the light intensity using the Mach-Zehnder interference type light 
intensity modulator. Further, the present invention can be applied to an optical transponder, 
a transmitter, a transceiver, a SONET/SDH, and an Ethernet transmission system that adopt 
a duo-binary optical transmission technology. 

15 While the invention has been shown and described with reference to certain 

preferred embodiments thereof, it will be understood by those skilled in the art that various 
changes in form and details may be made therein without departing from the spirit and 
scope of the invention as defined by the appended claims. Therefore, this invention is not to 
be unduly limited to the embodiment set forth herein, but to be defined by the appended 

20 claims and equivalents thereof. 
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